, local anesthetics such as procaine and lidocaine (1, (15) (16) (17) , and tetrodotoxin (I, 9, 12, 15, 17) .
In several recent studies the excitatory effects of such drugs have been used as evidence to support the concept that, at least in the case of the small intestine, the intrinsic excitability of visceral smooth muscle is held in abeyance by spontaneously active inhibitory neurons of the intramural plexus. Thus, Wood (15) has interpreted the results of his experiments demonstrating excitation of isolated segments of cat jejunum by procaine, lidocaine, and tetrodotoxin in terms of "blockade of a spontaneously active inhibitory nervous system," which permits the intestinal muscle to exhibit its intrinsic activity. In an attempt to explain the excitatory effect of atropine, Wood has suggested that at least two neurons are involved, a driver neuron which is spontaneously active and a follower inhibitory neuron which is activated via cholinergic synapses; atropine, according to this scheme, releases the muscle from inhibition by synaptic blockade. A similar explanation for the excitatory effects of tetrodotoxin, lidocaine, and procaine has more recently been proposed by Biber and Fara (l) , who studied the effects of these drugs on the small intestines of anesthetized cats. In contrast, other investigators have proposed a direct excitatory effect of atropine and local anesthetics on smooth muscle. A direct effect of atropine was suggested by Christensen and Lund (4), since synaptic blockade by nicotine or hexamethonium did not affect the excitatory response of opossum esophageal smooth muscle to high concentrations of atropine. Atropine has also been shown to stimulate the smooth muscle of chick amnion (5), which is devoid of nerves. The excitatory effects of local anesthetics, including procaine and lidocaine, are unaffected by antagonists to excitatory neurotransmitters on smooth muscle from either rat vas deferens (14) or rabbit uterus (6), although in these studies the possibility of blocking neural inhibition was not considered.
Thus, the question of whether atropine, local anesthetics, and tetrodotoxin exert their excitatory effect on intestinal smooth muscle directly, or indirectly by release of neural inhibition, is still unresolved.
The following experiments were undertaken in an attempt to resolve this issue.
METHODS AND MATERIALS
All experiments were performed on segments of jejunum obtained from young adult cats under pentobarbital anesthesia. Four types of preparation were used. The first consisted of intact rings of jejunum approximately 5 mm wide. The second consisted of similar rings of intestine from which the mucosa and submucosa had been removed. These are referred to below as "longitudinal-circular IIIUS- cle" and were prepared in the following manner: segments of jejunum approximately 2 cm long were gently everted and slipped onto a glass rod. Under a dissecting microscope, a longitudinal incision was made through the mucosa and submucosa without penetrating the circular muscle layer. Opposing edges of the cut mucosa-submucosa were then grasped by blunt forceps and gently pulled apart. When the edges were completely separated so that circular muscle was visible through the incision along the entire length of the segment, the mucosa-submucosa was completely removed by gently pulling it away from the rest of the segment, force being applied in the circular direction.
For use as longitudinal-circular muscle preparations, the segments were removed from the glass rod, inverted, and cut into rings approximately 5 mm wide. Two types of isolated circular muscle preparations were also prepared from these segments. The first was prepared by removing the longitudinal muscle layer from segments which had been slipped back onto the glass rod with the longitudinal muscle layer in its normal orientation. Under the dissecting microscope, a longitudinal incision was made with a scalpel along the length of the segment, deep enough to just penetrate the circular muscle layer. The longitudinal muscle layer, myenteric plexus, and the outer portion of circular muscle were then removed by peeling back the tissues as a single sheet, beginning at one edge of the longitudinal incision and continuing around the circumference to the other edge. Strands of connective tissue, blood vessels, and nerves which pass through the segment were cut with iris scissors during the peeling process. The resulting preparations consisted of ganglion-free circular muscle as originally described by Evans and Schild (8) . Two rings, 5-10 mm wide, were usually cut from each preparation for use in the following experiments ; the ends of the segments were cut off and discarded. Microscopic examination of complete serial sections of three such circular muscle preparations stained with Mallory's triple revealed no ganglion cells. A second type of circular muscle preparation was also used in some experiments.
In these preparations the innermost portion of the circular muscle layer was removed in order to eliminate the dense circular muscle layer together with the nerve plexus, "plexus muscularis profundus," which lies between the dense layer and the main circular muscle layer. Both the dense layer and the nerve plexus have been most recently described by Duchon et al. (7). These layers were removed from the intestinal segments immediately after removal of the mucosa-submucosa. After making a superficial longitudinal incision in the circular muscle layer, one edge of the cut was gently teased away from the other edge until enough circular muscle was freed to enable grasping it along the entire length of the intestinal segment with a pair of forceps. This procedure was facilitated by the use of a pair of long, gently tapering forceps held almost parallel to the longitudinal axis of the segment. In successful trials the innermost portion of circular muscle could be removed as a single sheet by gently peeling it back. It is estimated that 15-25 % of the circular muscle layer was removed by this method. The longitudinal muscle layer, together with myenteric plexus and some circular muscle, was then removed as described above. The remaining circular muscle was quite thin and usually separated into natural rings or tight spirals. These were separated on the glass rod by gently moving them apart with a pair of forceps and cutting any connecting strands with iris scissors. The resulting preparations consisted of rings of circular muscle approximately 5-6 mm wide. TO summarize, the four preparations were rings of I) intact intestinal wall, 2) longitudinal-circular muscle (containing myen teric plexus), 3) circular muscle, apparently devoid of ganglion cells but containing the dense layer and plexus muscularis profundus (referred to below as "intact circular muscle"), and 4) circular muscle devoid of both the dense layer and the plexus layer (referred to below as "stripped circular muscle" Fig. 1 . The latency of the response to acetylcholine was shorter than that to Ba++, and the latency for both drugs was usually shorter for the longitudinal circular preparations. The rhythmical contractions elicited in circular muscle occurred either as bursts (Fig. 1, Fig. 2 , Cr and C,> or as long trains (Fig. 2, C, responded to atropine at a threshold concentration between 1 and 4 X 10V4 M, whereas three did not respond up to 2 X UP2 M. A typical m-opine response is shown in Fig. 3 . After the addition of atropine to the bath, the contraction amplitudes of the longitudinal circular preparation gradually increased in size ; suddenly after 2 min, 30 s, contractions 15-30 times greater in amplitude appeared. Intact circular muscle preparations responded with similarly large contractions after variable latencies, sometimes as long as 4-5 min, in the case of Fig. 3 , after 2 min, 40 s. Once initiated, the contractions continued in both types of preparation as bursts or prolonged trains until after the atropine was washed out of the bath. Contractions usually persisted for a time after the bath was washed, and after subsiding could be reelicited, showing no apparent tachyphylaxis. In response to the concentrations of atropine used in these experiments, the contractions of both types of preparation were rhythmical, showing little if any contracture. The contractions of intact circular muscle were sometimes surprisingly regular, but were usually of a frequency lower than the maximal frequency exhibited by the intact preparation, i.e., the slow-wave frequency.
Procaine also stimulated both intact circular and longitudinal circular preparations from 8 of 11 cats (Fig. 4) . The latent periods, although variable, tended to be shorter than those for atropine.
The mechanical response consisted of rhythmic contractions which occasionally fused into partial contractures (Fig. 9) . Excitatory responses to atropine and to procaine were not affected by prior addition to the bath of up to 5 X lo+ g/ml TTX. Stripped circular muscle reacted to atropine and procaine in much the same way as intact circular muscle. A somewhat surprising finding, however, was that it appeared to be even more sensitive to atropine, procaine, and Ba++ than the intact circular preparation (Figs. 5, 6 , and 7). Relative sensitivity of the two preparations to these drugs was not studied by means of dose-response curves, since the main purpose of this study was simply to deter- mine whether or not atropine, procaine, and tetrodotoxin could directly stimulate circular smooth muscle at the same concentrations used by previous investigators to stimulate intact intestine.
However, at the same dose of atropine (5 X 1 OW4 M) and of procaine (5 X low4 M), the response of stripped circular muscle was greater than that of intact circular muscle in three out of four and four out of four preparations,
respectively. An interesting observation for which no explanation is immediately obvious is that preparations occasionally exhibited a greater contractile response when a drug was washed out from the bath than when it was administered (Fig. 5) . This occurred most frequently in response to atropine, but was also occasionally observed following washout of Ba++ and of procaine. Administration of TTX alone produced somewhat equivocal results. In 8 of 10 preparations consisting of either intact intestinal wall or longitudinal plus circular muscle layers, addition of TTX to the bath at a concentration of 5 X lo-" g/ml resulted in an augmentation of spontaneous contractions (Fig. 7) . However, TTX at this concentration produced an apparent stimulation in only three of nine intact circular preparations (in one of these only a single contraction) and failed to stimulate any of four stripped circular muscle preparations, although the latter responded vigorously to subsequent administration of Ba++ (Fig . 7) . It would appear then that TTX, in order to produce its full excitatory effect, requires the presence of the myenteric plexus or longitudinal muscle, or both. If, as indicated by the previous records, atropine and procaine can induce rhythmic contractions in intestinal circular muscle, evidence of pacemaker activity should be apparent in circular muscle during exposure to these drugs. This was indeed found to be the case when the tissue was examined for electrical activity with pressure electrodes. Pacemaker activity consisted, for the most part, of "diastolic depolarization"
which gave rise to single-spike potentials at regular intervals. Examples of diastolic depolarizations are shown in the top tracing of Fig. 8 during exposure to atropine and in the top tracing of Fig. 9 in response to procaine.
The top tracing of Fig. 8 was taken from what was presumably the pacemaker area of a ring of circular muscle, whereas the bottom tracing was taken from another region of the same tissue approximately 10 min later. The configuration of the latter is more characteristic of follower cells, since the depolarization between spikes is minimal or absent altogether.
The tracings of Fig. 9 were obtained from intact circular muscle in the presence of 5 X 10e4 M procaine.
This was one of a series of spike potential bursts that occurred in this preparation during exposure to this drug. related to the rate of slow depolarization associated with intestinal muscle that has been attributed to neural elethem. In this particular preparation, the spike potential ments of the myenteric plexus (15, 17) . The fact that the bursts eventually gave rise to a prolonged train of single presence of TTX in concentrations up to 5 X 1O-6 g/ml spikes similar to those in Fig. 8 
